Swiss white mice were given ampicillin, clindamycin, kanamycin, metronidazole, or streptomycin in drinking water for a period of 3 weeks. One week after the initiation of antibiotic administration, the treated mice and untreated control mice were challenged orally with approximately 108 viable, streptomycin-resistant (SR) Pseudomonas aeruginosa isolates. All five of the antibiotics decreased the resistance of the mice to intestinal colonization with SR P. aeruginosa, as reflected by an increased fecal carriage of the organism and an increase in population levels of SR P. aeruginosa in feces as compared with untreated controls. Metronidazole was least effective in this regard. The antibiotics lowered the dose of SR P. aeruginosa that resulted in implantation in 50% of the mice ID50 to various degrees. Administration of streptomycin, the most effective antibiotic, caused a 10,000-fold decrease in ID50 as compared with untreated controls. Oral inoculation of approximately 108 organisms of SR P. aeruginosa resulted in translocation of the organism to the mesenteric lymph nodes, spleens, or livers of 13 of 17 streptomycin-treated mice, 1 of 20 clindamycin-treated mice, and 1 of 14 metronidazole-treated mice. Translocation was not observed, however, in ampicillin-or kanamycin-treated animals. Antibiotic activity was detected in the cecal contents of streptomycin-, kanamycin, and clindamycin-treated mice but not in the cecal contents of ampicillin-or metronidazole-treated animals.
In an increasing number of patients, bacterial overgrowth during antimicrobial therapy and the resulting infections cause serious problems (19) . For example, patients with acute nonlymphocytic leukemia frequently die of infection before cytotoxic therapy has had an opportunity to be effective (4, 10, 24, 25) . These patients, who are immunocompromised as a consequence of chemotherapy, intermittently receive antimicrobial agents and tend to have prolonged periods of reduced resistance to colonization by endogenous organisms or organisms from the hospital environment. The natural resistance provided by the flora is disrupted by the antimicrobial agents, permitting the establishment and proliferation of resistant, opportunistic microorganisms in the intestinal tract. Some of the acquired organisms are particularly virulent for cancer patients; for example, bacteremia may develop in 40 to 70% of patients colonized by Pseudomonas aeruginosa (15) . These organisms somehow spread from the alimentary canal to produce progressive infections. P. aeruginosa is frequently resistant to many commonly used antibiotics. It is present on the skin and in the throats of some healthy individuals and has been isolated from the feces of 2.3% of nonhospitalized individuals (11) . In hospitalized patients, the gastrointestinal carriage rate increases to 20% within 72 h after admission. Almost any site in the hospital environment may harbor the organisms, especially if moisture is present. P. aeruginosa is continuously introduced into hospitals on plants, fruits, and vegetables (14) . Patients become infected by contact with contaminated objects and by ingestion of contaminated food and water.
The recommended approach to the prevention of infection in a patient undergoing cytoxtic therapy is microbial suppression used in conjunction with a laminar air-flow room * Corresponding author. (19) . Despite the well-defined effectiveness of this approach, it has two major drawbacks. First of all, it is very expensive. The patient requires special isolation facilities, extensive nursing care, and sterile food, water, and supplies. Second, because administration of antimicrobial agents greatly disrupts the intestinal flora, there is always a chance, despite all precautions, that the patient will become colonized by a resistant organism and develop a serious infection. A different approach to infection prevention which conserves the colonization resistance provided by the intestinal flora by judicious use of antimicrobial agents has been proposed (8) . The effectiveness of this approach depends, however, on a precise knowledge of the components of protective flora, which have not yet been identified.
Several studies have shown that the phenomenon of overgrowth by opportunistic bacteria occurs in mice as well as in humans that have been treated with antimicrobial agents (2, 3, 5, 6, 9, 23) . Although there are differences in flora composition between humans and mice, mice have been used in these studies because of the similarity in response of their protective flora and that of humans to antimicrobial agents (21) . Reports of van der Waaij et al. (22, 23) emphasize a critical role for anaerobic bacteria in the maintenance of colonization resistance in the intestinal tracts of mice. Other studies indicate, however, that facultatively anaerobic bacteria are also involved in the protection of animals against overgrowth with opportunistic bacteria (7, 12) .
In this report we describe the effects of five antimicrobial agents on the resistance of mice to intestinal colonization with P. aeruginosa. All five of the antimicrobial agents, despite differences in their spectra of activity, increased the susceptibility of the animals to colonization with P. aerugi- RESULTS All five of the antibiotics decreased the resistance of mice to intestinal colonization with SR P. aeruginosa as determined by the incidence of carriage and population levels of SR P. aeruginosa in the feces (Tables 1 and 2 ). The proportion of mice harboring SR P. aeruginosa in their feces was statistically significantly greater in ampicillin-, clindamycin-, kanamycin-, and streptomycin-treated animals than in untreated animals at every time period after challenge ( Table 1 ). The mean counts of SR P. aeruginosa recovered from colonized animals were uniformly higher in the feces of animals treated with antibiotics than in untreated, control animals, with the exception of metronidazoletreated animals ( Table 2) . In most cases, the differences were statistically significant, with P values of c0.05 up to 7 days after challenge. There was no significant difference, however, in fecal counts of SR P. aeruginosa between metronidazole-treated and untreated mice at any time period after challenge or between the proportion of metronidazoletreated and untreated mice harboring the organism in their feces at 1 and 2 days after challenge. 
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Our data therefore suggest, contrary to results reported earlier (18) , that a variety of intestinal bacteria, both anaerobic and facultatively anaerobic, are involved in protection against colonization by P. aeruginosa. It is possible that these bacteria generate, in concert, interference factors which are diminished when any segment of the protective community is reduced in size or eliminated by antibiotics. It is also possible, however, that all effective antibiotics eliminate a common flora component(s) essential for protection. We are currently examining the effects of antibiotics on the composition of intestinal flora in an effort to resolve this problem.
It is interesting that streptomycin compromised the animals to a greater degree than did the other antibiotics.
Antibiotic activities were detected in cecal filtrates from streptomycin-, clindamycin-, and kanamycin-treated mice but not in cecal filtrates from metronidazole-or ampicillintreated animals. Presumably, ampicillin was inactivated by beta-lactamase-producing bacteria in the intestine, thereby reducing its effectiveness (16) . Metronidazole is known to be absorbed from the intestinal tracts of rats (13) , and our data suggest a similar fate in mice. The proportion of animals colonized and the populations of SR P. aeruginosa in the intestine were greater when streptomycin was used than when clindamycin or kanamycin was used. This result suggests that flora components that are sensitive to streptomycin are more important in colonization resistance than are components that are sensitive to clindamycin or kanamycin. Furthermore, translocation occurred in the majority of streptomycin-treated animals but in only 1 of 20 clindamycin-treated animals and in none of the kanamycintreated animals. It is difficult to speculate why streptomycin was singularly effective in these studies. Kanamycin and streptomycin presumably have similar spectra of activities, since they are both aminoglycoside antibiotics. It is possible 
